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CLAIMS 




A fluorescence quencher composition having the structure: 

Q-Li-Y L2-X 

L3-Z 

wherei^ is selected from N and CR, where R is H, Ci-Ce alkyl or C5-C14 aryl; 
Li, L2, and\L3 are independently selected from a bond, Ci-Ci2 alkyldiyl, C1-C12 
alkoxyldiyl, Ci-Ci2\kylaminodiyl, C1-C12 alkylamidediyl, C5-C14 aryldiyl, and 1-20 
ethyleneoxy units; 

X is an amino acid\ polypeptide, a nucleoside, a nucleotide, a polynucleotide, or a 
protected form thereof; or X ikan acid-labile protecting group; 

Z is selected from H, CO^H, OH, NH2, NHR, NR2, SH, an ester, a cleavable linker, a 
solid support, a reactive linking grcmp, and a label selected from a fluorescent dye, a 
hybridization-stabilizing moiety, a cftemiluminescent dye, and an affinity ligand; and 

Q is selected from the diazo structures: 



/ \ 




N=N- 




N=N- 




wherein Ar is C5-C14 aryl; one of the aryl carbons of theudiazo structures is the site of 
attachment to Li; at least one aryl carbon of each diazo structure i\substituted with an electron- 
withdrawing group and at least one aryl carbon of each diazo structm^ is substituted with an 
electron-donating group. 

2. The fluorescence quencher com^iosition of claim 1 wherein the electron- 
withdrawing groups are selected from NO2, CN, CK^C02H, CO2R, C(0)NH2, C(0)NHR, 
C(0)NR2, CHO, C(0)R, SO2R, SO2CF3, SO2OR, SOsH^O, and C5-C14 aryl, where R is H, 
C1-C12 alkyl or C5-C14 aryl. 
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The fluorescence quencher composition of claim 2 wherein a NO2 is para to a 



diazo grc 



4. NThe fluorescence quencher composition of claim 1 wherein the electron-donating 
groups are select^from O", S", NR2, NHR, NH2, NHC(0)R, OR, OH, OC(0)R, SR, SH, Br, I, 
5 CI, F, R, and Cs-Ci^ryl, where R is H, C1-C12 alkyl or C5-C14 aryl. 



5. The fluore^ence quencher composition of claim 4 wherein a OCH3 is ortho or 
meta to a diazo group. 

6. The fluorescence quencher composition of claim 1 where Z is OH 



7. The fluorescence quen^qi^r composition of claim 1 where Z is an ester selected 
1© from the structures: 



O 

ti 



— O-C-CO2H 



O 




.O-C-CK2 o--f V-O-CH2CO2H 



o 

II 



— ^0=^C-CHi=^0=^CH2C0lH rand— V-0-e-eH2GH2G02H 



8. The fluorescence qjiencher composition of claim 1 selected from the structures: 
O 

Q-NC-(CH2);\-CH-(CH2)n-0-X 

(aH2)n-Z 



Q-NC-(^H2)n-CNH\Ch^(CH2)n-0-X 

^ ' ' ^(S^H2)n-Z \ . and 



Q-N-(CH2)n-QNH-(CKs 
R 



^H-(CH2)n-0-X 
?H2)n-Z 



where n is 1 to 12. 



15 9. The fluorescence quenchencomposition of claim 1 wherein X is selected from 

DMT, MMT, trityl, substituted trityl, pixyl, di^d trialkylsilyl. 
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10. 



The fluorescence quencher composition of claim 1 having the structure: 
Q-Li-Y L2-X 



L3-A— L4— (s) 



wherein A is a cleavable linker«selected from the structures: 



O O R \0 
-O-C-C-N- . -0\c-CH2-0-// W 




O R 

O-CH2-C-N- 



O R \ O OR 

-O-C-CH2-O-CH2-C-N— \ . -O-C-CH2-CH2-C-N- 



R* 

— O-Si-O — . and — S-S-p>- 
I 

R' 

where R' is H, C1-C12 alkyl oy6i-Cn alko}^; 

U is selected from a bond, c!^Ci2 alkVldiyl, Cr^g^jlkoxjOd^^ C1-C12 alkylaminodiyl, 
C1-C12 alkylamidediyl, C5-C14 aryldiyl, and l-i^0^5tt^|eneoxy units; anl| 

— ^ 



-0 



is a solid support. 

1 1 . The fluorescence quencher composition 6f clainAaVherein X is a nucleotide. 

12. The fluorescence quencher cofr^Q^ian\c[^^ wherein the solid support is 
selected from polystyrene, controUed-pore-glass, silica gk siUca, polyacrylamide, polyacrylate, 
hydroxyethylmethacrylate, polyamide, polyethylene, po^ethyleneoxy, and copolymers and 

grafts of such. 

13. The fluorescence quencher composition of claim 10 wherein the fomi of the solid 
support is selected from a particle, a bead, a membrane, a fkt, a fiber, a tube, a capillary, a slide, 
a plate, a micromachined chip, an alkanethiol-gold layer, a inagnetic bead, a non-porous surface, 
an addressable array, and polynucleotide-immobilizing medium. 

14. The fluorescence quencher composition of cliim 1 having the structure: 

Q-Li-Y L2-X 

L3-G— L5-A— L4-H S 
wherein A is a cleavable linker selected from the struckures: 
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O O R O 
-O-cAc-N— . — O-C-CH2-O 




O R 

M I 

-O-CH2-C-N— 



O \ OR 
-0-C-CH2\)-CH2-C-N— , — O-C-CH2-CH2-C-N 



O 

II 



O R 

II I 



R' 

— O-Si-O— . 
I 

R* 



-S-S— 



where R is H, Ci-Cn alkyl or (S^-Cn alkoxy; 

L4 and L5 are independently selected from a bond, C1-C12 alkyldiyl, C1-C12 alkoxyldiyl, 
C1-C12 alkylaminodiyl, C1-C12 alkylamidediyl, C5-C14 aryldiyl, and 1-20 ethyleneoxy units; 
G is a hybridization-stabilizing moiety; and 



© 



is a solid support. 



15. The fluorescenc^^uencher c|)mpositioii of claim 14 in which G comprises: 

L 

^N^O 



O 



O 



-N 



where L are the sites of attachment to LaiandXs. 

10 16. The fluorescence quencher composition of claim 14 wherein the solid support is 

selected from polystyrene, controlled-pore-glass,l siUca gel, silica, polyacrylamide, magnetic 
beads, polyacrylate, hydroxyethylmethacrylate, plj)lyamide, polyethylene, polyethyleneoxy, and 

copolymers and grafts of such. 

17. The fluorescence quencher composition of claim 14 wherein the form of the solid 
1 5 support is selected from a particle, a bead, a membrkne, a frit, a fiber, a tube, a capillary, a slide, 
a plate, a micromachined chip, an alkanethiol-gold layer, a magnetic bead, a non-porous surface, 
an addressable array, and polynucleotide-immobilizimg medium. 

-69- 



Case No. 4584 US 





wherein X is an acid-labile protecf in^ 
isopropyl, morpholino, methyl, ethyl and 
cycloalkyl or morpholino; and R3 is C\-Ce a 




1 8. The fluorescence quenc^ier composition of claim 1 having the structure: 

►-P-OR3 

and R2 are individually selected from 
Ri and R2 taken together are C4-C1 1 
C5-C14 aryl. 



19. The fluorescence qhqncher composition of claim 18 wherein Ri and R2 are each 
isopropyl and R3 is cyanoethyl. 

20. The fluorescence quencher asmaposition of claim 18 wherein X is selected from 
DMT, MMT, trityl, substituted trityl, pixyl, an^s^alkylsilyl. 

2 1 . The fluordfecence quencher composition of claim 1 1 having the structiure: 



O 

0=P-0R3 
Q-Li^ L2-O 

3-A— L4H5) 

wherein X i/an acid-labile p\otectiij^ group; B is a nucleobase; and R3 is selected frorn 
H, C1-C6 alkyl, andsCs-Ci^aryl. 

22. The fluoresceno^'quenche^ cbmposition o^ claim 1 1 having the structure: 



15 



Q-Li— Y LsVO 

L3"A— L— @ 

wherein X is an acid-labile protecting group;>^ is a nucleobase; and R3 is selected from 

H, C1-C6 alkyl, and C5-C14 aryl. 

23. The fluorescence quencher composition of claim 1 where X is a polynucleotide. 
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24. The fluorescbnce quencher composition of claim 23 wherein the polynucleotide 
comprises one or more N-[2-(aimnoethyl)]glycine units having a nucleobase attached to nitrogen 
through a methylene carbonyl link^e. 

25. The fluorescence quencKbr composition of claim 23 wherein the polynucleotide 
comprises one or more T-^' or 3'-4' bicycUc^ar modifications. 

A labelled nucleoside or nucleotide having the formula: 




wherein Ar is C5-C14 aryl; (iiie oMhe aryl carbons of the diazo structures is the site of 
attachment to L; at least one aryl carbon of e^h diazo structure is substituted with an electron- 
withdrawing group and at least one aryl carbomof each diazo structure is substituted with an 
electron-donating group; 
B is a nucleobase; 

R^^ is H, monophosphate, diphosphate, triphos^ate, thiophosphate, phosphate 
analog, or acid-labile protecting group; 

R^^ and R^\ when taken alone, are each independenlw H, HO, F, or a moiety which 
terminates polymerase-mediated target-directed polymerizatiof^or when taken together 
form 2'-3'-didehydroribose; and 

L is a linker comprising an alkynyl, propargyl, propargylethox^^ido, vinyl, or allyl 

group. 

27. The labelled nucleoside or nucleotide of claim 26 in which I^Domprises: 
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O 

— CEC~CH2-(OCH2CH2)n-NH-C— 
Wherein n is 0, 1, or 2. 

28\ The labelled nucleoside or nucleotide of claim 26 which is enzymatically 
incorporatabl^ 

29. The labelled nucleoside or nucleotide of claim 26 which is enzymatically 
extendable. 

30. The la^Ued nucleoside or nucleotide of claim 26 which is a terminator. 

3 1 . The labell^ nucleoside or nucleotide of claim 26 wherein Q further comprises a 
fluorescent dye, wherein the^uorescent dye and quencher moiety are covalently attached by a 
linker; and the fluorescent dye ils selected from a fluorescein dye, a rhodamine dye, a 
benzophenoxazine, and a cyanineXy^- 

32. A nucleobase-labelled fyQ)ynu4eotide having the formula: 

R^JiU\^\ o B-L-Q 



comprising 2 to 100 nucleotides, wherein 

Q is a quencher moiety selected from the dia:^o structures: 



-N=N- 



and 





wherein Ar is C5-C14 aryl; one of the aryl carbons of the diazo stru6^res is the site of 
attachment to L; at least one aryl carbon of each diazo structure is substitutedNwith an electron- 
withdrawing group and at least one aryl carbon of each diazo structure is substmited with an 
electron-donating group; 

B is a nucleobase; 
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l^^ is H, OH, halide, azide, amine, Ci-Ce aminoalkyl, C1-C6 alkyl, allyl, Ci-Cealkoxy, 

-OCH3,\r-OCH2CH=CH2; 

R^^ is^, phosphate, intemucleotide phosphodiester, or intemucleotide analog; 

R^^ is H?V^osphate, intemucleotide phosphodiester, or intemucleotide analog; and 
L is a linker cWprising an alkynyl, propargyl, propargylethoxyamido, vinyl, allyl, or 
C1-C12 alkyldiyl group. 

33. The nucleob^e-labelled polynucleotide of claim 32 in which L comprises: 

O 

— CE\-CH2-(OCH2CH2)n-NH-C— 
wherein n is 0, 1, or 2. 



lucleotide of claim 32 which further comprises 
having a nucleobase attached to nitrogen 



34. The nucleobase-labelled 
one or more N-[2-(aminoethyl)]glycin^]£^ 
nj through a methylene carbonyl linkage. 

^ 3 5 . The nucleobase-labelled polynd^i^tide of claim 32 which further comprises 

one or more 2'-4' or 3 '-4' bicycHc sugar modifications. 

36. The nucleobase-labelled polynucleotioe of claim 32 wherein Q further comprises a 
fluorescent dye, wherein the fluorescent dye and quenbher moiety are covalently attached by a 

O linker; and the fluorescent dye is selected from a fluorescein dye, a rhodamine dye, a 
benzophenoxazine, and a cyanine dye. 

37. A method of labelling a polypeptide comprismg the step of reacting a linking 
20 moiety of a fluorescence quencher with a polypeptide to form \ labelled quencher-polypeptide 

conjugate, 

wherein the linking moiety is selected from the group consisting of an azido, a 
monosubstituted primary amine, a disubstituted secondary amine, a thiol, an hydroxyl, a halide, 
an epoxide, an N-hydroxysuccinimidyl ester, a carboxyl, and an activated ester; 
25 whereby the quencher moiety is attached to a location of the polypeptide selected from 

the amino terminus, the carboxyl terminus, and an amino acid side-chain. 

38. A method of polynucleotide labelling comprising: 
a) providing the fluorescence quencher composition of claim 1 whWein Z is a solid 

support, L2 is C1-C12 alkoxydiyl, and X is an acid-labile protecting group; 
30 b) reacting the labelled solid-support with acid to remove X; 
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c) adding a 3 -phosphoramidite, 5' protected nucleoside and an activator, thereby 
forming\bond between L2 and the 3' terminus of the nucleoside; 

d) \ adding an oxidizing reagent; and 

e) Vspeating steps b) to d) until a labelled polynucleotide is synthesized. 
5 39. Thetoethod of polynucleotide labelling of claim 38 further comprising capping 

any unreacted sites on^e solid-support after step c). 

40. The meth^^f polynucleotide labelling of claim 38 wherein the 5' terminus is 
attached to a fluorescent dye a linkage, wherein the fluorescent is selected from a fluorescein, 
a rhodamine, a benzophenoxaziim^ and a cyanine. 
10 41 . The method of polyi^leotide labelling of claim 38 wherein a nucleobase of 

the polynucleotide is labelled with a fl^rescent dye, selected from a fluorescein, a 
3 rhodamine, a benzophenoxazine, and a cmiine, by a linkage at a position on the 
J polynucleotide selected from the 8-positi^^^^^f^ purine nucleobase, the 7- or 8-position of a 7- 
W deazapurine nucleobase, and the 5-position of d^Wimidine nucleobase. 

l^' 42. The method of polynucleotide labelling of claim 38 further comprising 
— ^ deproteeting-the-labelled-polynucleotide. 

m 43. The method of polynucleotide labelling V claim 38 wherein the solid-support is 

^ selected from polystyrene, controlled-pore-glass, silica gdh^iUca, polyacrylamide, magnetic 
P beads, polyacrylate, hydroxyethylmethacrylate, polyamide, Wyethylene, polyethyleneoxy, and 
20 copolymers and grafts of such. 

44. The method of polynucleotide labelling of claim 3^wherein the form of the solid 
support is selected from a particle, a bead, a membrane, a frit, a fibdi^ a tube, a capillary, a slide, 
a plate, a micromachined chip, an alkanethiol-gold layer, a magnetic ^ead, a non-porous surface, 
an addressable array, and polynucleotide-immobilizing medium. 

25 45 . The method of polynucleotide labelling of claim 3 8 whereiri\a plurality of 

polynucleotides covalently attached to a solid support in an addressable arraySare synthesized. 

46. A method of polynucleotide labelling comprising coupling a polyiiucleotide with 
the fluorescence quencher composition of claim 1 8, whereby a 5' quencher labelled polynucleotide 
is formed. 

30 47. The method of polynucleotide labelling of claim 46 wherein the 3' terming of the 

polynucleotide is covalently attached to a solid support. 
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48. A 5* quencher labelled polynucleotide having the formula: 



Q-L-O-P-X^ B 

R22 R21 

comprising 2 to lOOftucleotides, wherein Q is a quencher moiety selected from the diazo 
structures: 



and 




wherein Ar is C 5 -C14 aryl; one of the ajyi c^bons of the diazo structures is the site of 



15 



attachment to L; at least one aryl carbon of each diazo^structure is substituted with an electron- 
withdrawing group and at least one aryl carbon of each diazo structure is substituted with an 
electron-donating group; 

B is a nucleobase; 

X is O, NH, or S; 

R^^ is H, OH, halide, azide, amine, C1-C6 aminoalkyl, alkyl, allyl, Ci-Cealkoxy, 

-OCH3, or -OCH2CH=CH2; 

R^^ is intemucleotide phosphodiester or intemucleotide analog;Vnd 
L is C1-C12 alkyldiyU aryldiyl, or polyethyleneoxy. 

A 3' quencher labelled polynucleotide having the formula: 



49. 



r23o 




Q-L-O R^*^ 

20 comprising 2 to 100 nucleotides, wherein Q is a quencher moiety selected from the diS^o 
structures: 
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IT 



wherein Ar is C5-C14 aryl; one of the aryl Wbons of the diazo structures is the site of 
attachment to L; at least one aryl carbon of each dia^o sMicture is substituted with an electron- 
withdrawing group and at least one aryl carbon of eac^^azo structure is substituted with an 
electron-donating group; 

B is a nucleobase; 

X is O, NH, or S; 

R^^ is H, OH, halide, azide, amine, Cx-Ce aminoalkyl,\^i-C6 alkyl, allyl, Ci-Cealkoxy, 

-OCH3, or -OCH2CH-CH2; 

R^^ is intemucleotide phosphodiester or intemucleotide an^^og; and 
L is C1-C12 alkyldiyl, aryldiyl, or polyethyleneoxy. 

50. A method of primer extension comprising: 
annealing a polynucleotide primer to a target polynucleotide; and 
extending the primer by polymerase-mediated incorporation of a 2'-^^oxynucleotide 5 - 
triphosphate; 

wherein the primer or the nucleotide 5*-triphosphate is covalently attacli^d by a linkage 
to an aryl carbon of a quencher moiety selected from the diazo structures: 



-N=N 



20 




N=N 




and 
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therein Ar is C5-C14 aryl; at least one aryl carbon of each diazo structure is substituted 
with an e\ctron- withdrawing group and at least one aryl carbon of each diazo structure is 
substituted ^th an electron-donating group; 

wherebV a labeled polynucleotide is formed. 

5 1 . Thbwmethod of claim 50 further comprising amphfying the target polynucleotide 
with nucleotide 5 -triphosphates, a polymerase, and two or more primers; wherein the primers 
are complementary to the target polynucleotide sequence and at least one primer is covalently 
attached by a linkage to ansaryl carbon of a quencher moiety. 

52. The method oP^laim 50 further comprising amphfying the target polynucleotide 
with nucleotide 5 -triphosphates>a polymerase, and two or more primers; wherein the primers 
are complementary to the target poljmucleotide sequence and at least one nucleotide 5 - 
triphosphate is covalently attached byV linkage to an aryl carbon of a quencher moiety. 



53. The method of claim 50 
with nucleotide 5 '-triphosphates, a polvn^e 



IS: 



20 



25 



Le comprising amphfying the target polynucleotide 
two or more primers; wherein the primers are 
complementary to the target polynucleotide sequence, and a detectable probe; wherein the 
detectable probe is complementary to-the target-pm^ 
fluorescent dye and a quencher moiety. 

54. The method of claim 53 fiirther compris^g detecting a signal from the fluorescent 
dye of said detectable probe. 

5 5 . The method of claim 54 wherein the signal is ^tected at each thermal cycle during 
amplification. 

56. The method of claim 53 wherein said polymerase cWves the detectable probe 
during amphfication; whereby the fluorescent dye and the quencher riioiety are separated. 

57. The method of claim 56 further comprising detecting a si^al from the fluorescent 
dye of said cleaved, detectable probe. 

58. The method of claim 57 wherein the signal is detected at eaclv^hermal cycle during 
amplification. 

59. The method of claim 53 wherein said fluorescent dye is attached toVhe 5* terminus 
or 3* terminus of the detectable probe. 
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^0. The method of claim 53 wherein said quencher moiety is attached to the 5* terminus 
or 3* terraiiius of the detectable probe. 

61 . \ The method of claim 53 wherein the detectable probe is further labelled with a 
hybridization-sthbilizing moiety. 

62. The mpthod of claim 61 wherein the hybridization-stabilizing moiety comprises 
the structure: 

L 





W o 



where L is an attachment site to the detecrable probe. 



63 . The method of claim 50 further comprising: 
iQJ forming one or more labeled polynucleotide fragrt^nts by polymerase-directed primer 

ip extension of a primer; 

^ resolving the one or more labeled polynucleotide fragn^ents; and 

detecting the resolved labeled polynucleotide fragments.X 

64. The method of claim 63 wherein the resolving step is an electrophoretic size- 
1 5 dependent separation process and the one or more labeled polynucleotide fragments are detected by 

fluorescence. 

65. The method of claim 64 wherein the primer is covalently a^ached by a linkage to an 
aryl carbon of a quencher moiety. 

66. The method of claim 64 wherein a nucleotide 5 -triphosphate is\ovalently attached 
20 by a linkage to an aryl carbon of a quencher moiety. 

67. A method of oligonucleotide ligation comprising annealing two proBes to a target 
sequence and forming a phosphodiester bond with a ligase enzyme between the 5' terridnus of one 
probe and the 3* terminus of the other probe; wherein one probe is covalently attached tdsa 
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lorescent dye and the other probe is covalently attached by a linkage to an aryl carbon of a 
quenidier moiety selected from the diazo structures: 



-N=N- 



and 




N=N- 



wherein Ar is C5-C14 aryl; aneast one aryl carbon of each diazo structure is substituted 
y with an electron-withdrawing group and^ least one aryl carbon of each diazo structure is 
J substituted with an electron-donating groups 
fij whereby an oligonucleotide Ugation pro^ct|i 

1|E 68. A method of hybridization d^fecti^Jcomprising annealing a probe to a target 

pol ynucleotide sequence, wherein the pr obe is covaleirfjy attached to a fluorescent dye and a 

y quencher moiety selected from the diazo structures? 



is formed. 



-N=N- 



and 



15 



wherein Ar is C5-C14 aryl; at least one aryl carbon of each diazo structid-se is substituted 
with an electron-withdrawing group and at least one aryl carbon of each diazo stricture is 
substituted with an electron-donating group; and 

detecting a signal from the fluorescent dye. 
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.69. The method of hybridization detection of claim 68 wherein the probe 
compris^^one or more N-[2-(aminoethyl)] glycine units having a nucleobase attached to 
nitrogen tm;9ugh a methylene carbonyl linkage. 

70. \rhe method of hybridization detection of claim 68 wherein the probe comprises 

one or more 2'-4W)r 3*-4* bicyclic sugar modifications. 

\ 

71 . TheVethod of hybridization detection of claim 68 wherein the probe sequence 
comprises a self-complementary hairpin sequence, whereby an increase in fluorescence signal is 
detectable when the probes aimealed to the target sequence. 

72. A kit for primer extension comprising one or more nucleotide 5 -triphosphates 
and one or more primers wherei^t least one primer is covalently attached by a linkage to an 
aryl carbon of a quencher moiety selected from the diazo structures: 



-N\N- 



■N=N- 



Ar 



15 



20 



25 



wherein Ar is C5-C14 aryl; at least one aryl carbon^f each diazo structure is substituted 
with an electron-withdrawing group and at least one aryl csa|)on of each diazo structure is 
substituted with an electron-donating group. 

73 . The kit of claim 72 further comprising a polymer^e. 

74. The kit of claim 72 further comprising a chain-terminating nucleotide analog. 

75. A kit for nucleic acid amplification comprising two or l^re primers, and a 
detectable probe covalently attached to a fluorescent dye and a quencherWoiety; wherein the 
detectable probe is covalently attached by a linkage to an aryl carbon of a q|iencher moiety 
selected from the diazo structures: 



and 
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